photosynthetic carbon assimilation (PCA) of C3 plants appear to be unsaturated under ambient CO2 concentration in contrast to that of C4 plants. Thus, a small increase in C02 concentration leads to an increase of C3-PCA. If the CO2 transfer resistance in mesophyll cells were minimized by any means of cellular engineering, PCA would be improved by the resulting elevation of available CO2 at the CO2 fixing enzyme site. A possible candidate in this context is the genetic introduction of carbonic anhydrase [EC 4. 2.1.1., CA] activity into mesophyll cytoplasm, since CA facilitates inorganic carbon diffusion through bilayer lipid membranes [1] and CA activity scarcely exists in contrast to its chloroplastic abundance in C3 plants [2] . Previously, Okabe observed that the introduction of liposome encapsulated bovine CA (Type II ) into tomato cotyledonous protoplasts by fusion technology (ca. 8% increase of intrinsic control protoplastic CA activity) enhanced photosynthetic O2 evolution under a lower HCO3-condition [3] . Price et al. reported that anti-sense RNA transgenic tobacco plants in which intrinsic CA activity was reduced to the level of 1-2% of the wild type showed a 4.4% reduction of PCA with a concomitant decrease in inorganic carbon diffusion conductance of ca. 27% [4] . However, the question remains to be clarified whether the extremely low CA activity in the C3 plant cytosol is sufficient for maximizing PCA. In this communication, we describe the generation of transgenic tobacco progenies expressing animal CA peptide in the cytosol and the effect of genetically introduced foreign cytoplasmic CA activity on those PCA.
We chose a mouse CA cDNA rather than one of plant origin for this study (1) protoplasts followed by the centrifugal fractionation of the chloroplasts. The chloroplastic and extrachloroplastic fractions were analyzed by SDS-PAGE and Western analysis. The animal CA signal band was detected only in the extra-chloroplastic fraction (Fig.1) . The fact that mmCA cDNA had no "transit" peptide for organelle transport coincided well with the cytoplasmic location of expressed mmCA peptides.
To discriminate the expressed mmCA activity from leaf intrinsic CA, we used differential sensitivities of each CA origin against oxidative condition and a specific inhibitor, acetazolamide. regard to the RubisCO, soluble protein and Chlorophyll. The PCA rates of these phenotypes under high light intensity at 21% 02 conditions were determined at varying CO2 concentrations (Table 3) . Under ambient CO2 condition (Ci=250ppm) , these plants showed little difference in their PCA rates. However, at the lower intercellular CO2 concentration (Ci=150ppm), the High CA phenotype showed a significantly higher PCA rate (5.1%) than those of the Null/Wild phenotypes.
Our consistent observation of the significant increase of PCA in our transgenic plants under CO2 limiting conditions suggests the importance of cytoplasmic CA activity in the C3 plant PCA capacity. In this regard, Graham et al. [7] and Evans et al. [8] reported that the CO2 conductivity from the cell membrane to the inner surface of chloroplasts is not an important factor for the determination of PCA. They based this on the observation that chloroplasts in the mesophyll cells of C3 plants were arranged along the cell membrane facing the stomatal cavity and deduced that most of the CO2 molecules which penetrated into the cytoplasm might diffuse into chloroplasts directly through this short-cut distance, without being converted into HC03-or CO2. If this is the case, introduction of extra CA into the cytoplasm of mesophyll cells of C3 plants would not have produce any effects on the PCA capacity. We have presently two assumptions to explain the mechanism as follows : (1) There exists a significant volume of inorganic carbon movement through the cytoplasm to the chloroplasts by a so-called "indirect passage". (2) Cytoplasmically localized CA could increase the concentration of HCO3-, the preferred substrate of PEP carboxylase (PEPCase), and enhance PCA in transgenic leaves. If these assumptions are true in the cytoplasm of transgenic plants, the expressed mmCA might have contributed to the increased rate of PCA.
In conclusion, the generation of transgenic progenies expressing animal CA peptide in cytoplasm in this study suggested one possible way to improve PCA of C3 plants though further work is needed to optimize CA activity using stronger promoter systems or an increased number of CA genes.
